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A Second-Order Analysis of VM Heat Pumps
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Abstract

Performance of a VM heat pump is considerably affected by various losses, such as enthal-

py dump, reheat loss, pumping loss, conduction loss and shuttle loss. A second-order analysis

model of VM heat pumps, which allows consideration of the major losses, was presented.

Actual heat transfer rates for heat exchangers were calculated from the heat transfer rates

obtained by the adiabatic analysis and various losses. New effective temperatures of heat ex-

changers were calculated from the actual heat transfer rates and the mean heat transfer co-

efficients until there was no appreciable change in the effective temperatures. Effects of de-

sign parameters, such as phase angle, swept volume ratio, regenerator length and speed on

heating capacity, cooling capacity and COP were shown.
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Fig.1 Schematic of a VM heat pump
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Table 2 Simulation results at reference opera-
ting conditions

HOT |WARMEH|WARMC| COLD

DIMENSION oI SIDE | SDE | SIDE | SIDE
ADIABATIC ANALYSIS
IDEAL P-V WORK [W] | 954.05 1550.62
HEAT TRANSFER [W] | 956,37 |(-510.93) (-1952.28)] 154807
MEANTEMPERATURE | [K] |825.48 | 34415 | 35041 | 25625
NEW TEMPERATURE (K] {82102} 33756 | 3851 | 257.89
LOSSES
REHEAT LOSS [W]| 4289 (~138.07)
SHUTTLE LOSS [W] | 358.68 (-59.85)
PUMPING LOSS [W] |51 (-20.68)
COND CYLINDER WALL | [W] |317.11 {-T5.64)
COND REG MATRIX [W]| 278 (-6.14)
COND REG CYLINDER | [W] |134.73 (-24.11)
COND DISPLACER [W]|128.16 (-23.16)
TOTAL COND LOSSES | [W] ] 6084 (-129.05)
DISSIPATION IN HX (Wl 18| 575 | 5726 | 374
DISSIPATION IN REG [W]] 745 845
ENTHALPY DUMP (W] 179 | 2789
ND-ORDER ANALYSIS
NET HEAT [W] |1926.16| 15087 | 165487 | 10401
HEATING CAPACITY [W] |316357
COOLING CAPACITY [W]11040.11
HEAT PUMP COP 1.64
REFRIGERATOR COP 0.54
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Fig.3 Comparison of predicted cooling capacity
and COP, with experimental results
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